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BACKGROUND OF THE INVENTION 



1. FIELD OF THE INVENTION 

The present invention relates to a transfer method 
and apparatus, an exposure method and apparatus, a method 
of manufacturing an exposure apparatus, and a device 

10 manufacturing method. More particularly, the present 
invention relates to a transfer method and apparatus 
suitable for the transfer of a mask as an object to be 
transferred, an exposure method and apparatus using the 
transfer method and apparatus for the transfer of a mask, 

IB a method of manufacturing the exposure apparatus, and a 

device manufacturing method using the exposure apparatus. 

2. DESCRIPTION OF THE RELATED ART 



20 lithographic processes in the manufacture of 

semiconductor devices, liquid crystal display devices. 
Recently, optical exposure apparatuses such as reduction 
projection exposure apparatuses based on the 
s tep - and - repeat method (so-called steppers) and scanning 

25 exposure apparatuses based on the s tep - and - scan method 
(so-called scanning steppers) are frequently used. 



Various exposure apparatuses 



have 



been used for 



With the stepper, a mask or reticle (to be 
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generically referred to as reticle hereinafter) is held 
on a reticle stage by vacuum chucking or the like. This 
stage is capable of fine movement (including 0 rotation 
(rotation around the Z-axis) ) in the X-Y plane. The 
5 scanning stepper comprises a reticle coarse adjustment 
stage and a reticle fine adjustment stage. The reticle 
coarse adjustment stage moves in the scanning direction 
(e.g., the Y-axis direction) with predetermined strokes, 
and on the reticle coarse adjustment stage the reticle 

10 fine adjustment stage holding the reticle by vacuum 

chucking, makes fine movements on the XY plane (including 
0 rotation (around the Z axis) ) . 

In any conventional optical exposure apparatus, a 
reticle is mounted on the upper surface of the stage 

15 capable of 0 rotation. For this reason, such an 

apparatus uses the following reticle transfer sequence. 
First, a transfer robot arm holding a rectangular reticle 
moves horizontally to a position above the stage capable 
of 0 rotation. The transfer robot arm then moves 

20 downward to load the reticle on the stage, and slightly 
moves downward. Thereafter, the arm returns to the 
initial position. 

With a conventional optical exposure apparatus, a 
driving mechanism such as a total of four push/pull rods, 

25 two each set perpendicular to both sides of the stage 
holding a reticle, or two sets of voice coil motors 
having the same f unc t ions are used . 
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As semiconductor devices increase the degree of 
integration every year, circuit patterns become very fine, 
thus causing the device rule (practical minimum line 
width) to be 0.1 U m or less in time. In order to achieve 
5 exposure for such fine patterns, many problems must be 
solved in optical exposure apparatuses. Under the 
circumstances, there is almost no doubt that an electron 
beam exposure apparatus (to be referred to as an "EB 
exposure apparatus" hereinafter) will become one of the 

10 promising choices for the next generation. 

With an EB exposure apparatus, it must be kept in a 
vacuumed chamber, so that the reticle cannot be chucked 
by vacuum as above, and requires a different approach 
such as an electrostatic method. 

15 Furthermore, since the above driving mechanism for 

the 0 rotation of a reticle is indispensable for the 
conventional exposure apparatus, the arrangement of the 
reticle stage driving mechanism is complicated. 

2 0 SUMMARY OF THE INVENTION 

The present invention has been made in consideration 
of the above situation, and has as its first object to 
provide a new transfer method of transferring an object 
to be transferred onto a stage, and more specifically, a 
25 transfer method which can mount the object on an object 
mount surface of the stage, even if the mount surface is 
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lower in level than the upper surface of the stage. 

It is the second object of the present invention to 
provide an exposure method which can improve exposure 
preci sion . 

5 It is the third object of the present invention to 

provide a new transfer apparatus for transferring an 
object to be transferred onto a stage, and more 
specifically, a transfer apparatus which can mount the 
object on an object mount surface of the stage even if 
10 the mount surface is lower in level than the upper 
surface of the stage. 

It is the fourth object of the present invention to 
provide an exposure apparatus which can improve exposure 
preci sion . 

15 It is the fifth object of the present invention to 

provide a device manufacturing method that can 
manufacture high - in tegra tion microdevices with high 
produc t ivi ty . 

In the first aspect of this invention, there is 

20 provided a transfer method of transporting an object to 
be transferred to/from a stage, comprising the steps of: 
supporting one surface of said object on a plurality of 
support members; loading said object supported by said 
plurality of support member onto said stage; and 

25 withdrawing said plurality of support members from said 
object to an other surface side of said object after 
loading said object onto the stage. 
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According to the transfer method of the present 
invention, the one surface of the object is supported by 
the plurality of prepared support members. Then the 
object supported by the plurality of support members is 
5 loaded onto the stage. After the object is loaded onto 

the stage, the plurality of support members are withdrawn 
to the other surface side of the object. That is, 
according to the transfer method of the present invention, 
the object can be loaded onto the stage by the support 

10 members, moving in only a direction almost perpendicular 
to the object mount surface of the stage. 

In this case, said supporting step comprises the 
substeps of: moving relatively said object and said 
plurality of support members such that contact portions 

15 of said plurality of support members are located on said 
other surface side of said object, the contact portions 
coming into contact with said object; and moving said 
plurality of support members in respective predetermined 
directions within a moving plane perpendicular to a 

20 direction in which said object and said support member 
relatively are moved. In such a case, even if, for 
example, the plurality of support members are at first, 
located on the opposite side of the object to the stage, 
one surface of the object can be supported by the 

25 plurality of support members by moving relatively the 
object and the plurality of support members such that 
contact portions of the plurality of support members are 
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located on the one surface side of the object which come 
into contact with the object, on the one surface side 
(stage side) of the object, and then moving the plurality 
of support members in respective predetermined directions 
5 within a plane perpendicular to the direction in which 
the object and the support members relatively are moved. 

In this case, said supporting step further comprises 
the substep of supporting said object on the contact 
portions of said support members by relatively moving 

10 said object and said plurality of support members after 
the substep of respectively moving said plurality of 
support members in the respective predetermined 
directions. In such a case, even if the object and the 
plurality of support members coming into contact with the 

15 object are spaced apart from each other after the 

plurality of support members move in the respective 
predetermined directions, one surface of the object can 
be supported by the plurality of support members after 
the substep of relatively moving the object and the 

20 plurality of support members. 

According to the transfer method of the present 
invention, said loading step comprises the substeps of: 
relatively moving said plurality of support members and 
said stage so as to contact said one surface of said 

25 object with said stage; and moving said plurality of 

support members thereafter in respective predetermined 
directions within a plane perpendicular to a direction in 
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which said support members and said stage relatively are 
moved. In this case, after the object is loaded onto the 
stage, the plurality of support members can be separated 
from the object by relatively moving the plurality of 
5 support members supporting one surface (the surface on 
the stage side) of the object and the stage so as to 
contact the one surface of the object with the stage, and 
then moving the plurality of support members in 
respective predetermined directions within the plane 

10 perpendicular to the direction in which the support 

members and the stage relatively are moved. That is, the 
object is loaded onto the stage by relatively moving the 
plurality of support members in the direction 
perpendicular to the mount surface on the stage, and 

15 moving the support members within the plane perpendicular 
to the direction of the relative movements. Even if, 
therefore, the object mount surface is lower in level 
than the upper surface of the stage, the object can be 
mounted on the mount surface without any problem. 

20 The method of the present invention can further 

comprise the steps of: moving relatively said stage and 
said plurality of support members such that contact 
portions of said support members are located on said one 
surface side of said object supported on said stage, said 

25 contact portions coming into contact with said object; 
moving said plurality of support members in respective 
predetermined directions within a plane perpendicular to 
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a direction in which said stage and said plurality of 
support members relatively are moved; and unloading said 
object from said stage by relatively moving said 
plurality of support members and said stage. 
5 In this case, the object and the plurality of 

support members relatively move such that the contact 
portions of the support members are located on one 
surface side of the object supported on the stage, the 
contact portion coming into contact with the object, and 

10 the plurality of support members move in respective 

predetermined directions within the plane perpendicular 
to the direction in which the stage and the support 
members relatively are moved. Thereafter, the object is 
unloaded from the stage by relatively moving the 

15 plurality of support members and the stage. Therefore, 
the object can be unloaded from the stage by using the 
plurality of support members which are withdrawn to the 
other surface side of the object on the stage after the 
above mentioned loading step. 

20 According to the transfer method of the present 

invention, as is obvious, the contact portions of the 
plurality of support members which come into contact with 
the object, may be moved from one surface side to the 
other surface side or in the opposite direction outside 

25 the object. Alternatively, openings through which the 
plurality of support members can pass may be formed in 
the object. In this case, the contact portions of the 
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plurality of support members which come into contact with 
the object, can be moved from one surface side to the 
other surface side through the openings. In this case, 
the term "openings" indicates a concept that includes 
5 notches or the like formed in the outer circumferential 
portion of the object, as well as through - hoi es partly 
opening wide or the like formed within the object. Note 
that the term "openings" has this meaning herein. 

In the second aspect of this invention, there is 

10 provided an exposure method comprising: supporting one 
surface of a first object by a plurality of support 
members; loading said first object supported by said 
plurality of support members onto a stage; withdrawing 
said plurality of support members from said first object 

15 to an other surface side of said object after said first 
object is loaded onto said stage; and transcribing a 
pattern of said first object onto a second object through 
an optical system while detecting positions of said first 
object supported on said stage and said second object in 

20 an optical axis direction of said optical system. 

According to this method, since the first object can 
be loaded on the stage by using the transfer method of 
the present invention, even if the mount surface of the 
stage on which the first object is mounted is lower in 

25 level than the upper surface of the stage, the first 

object can be mounted on the mount surface without any 
problem by using the support members that move in only a 
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direction almost perpendicular to the mount surface of 
the stage on which the first object is mounted. As a 
consequence, the first object can be located near the 
lower surface of the stage. Therefore, in transcribing 
5 the pattern formed on the first object onto the second 

object through the optical system, not only the position 
of the second object in the optical axis direction of the 
optical system but also the position of the first object 
in the optical axis direction which is held on the stage 
10 can be precisely detected by a focal position detection 

system which uses an oblique incident light method or the 
like. This makes it possible to perform 

focusing/leveling control on the first and second objects, 
and transcribe the pattern of the first object onto the 

15 second object, i.e., exposure, with high precision. 

In this case, exposure may be performed while the 
first and second objects are stationary in a plane 
perpendicular to the optical axis. Alternatively, the 
pattern of said first object may be transcribed while 

20 said second object and the stage holding the first object 
are synchronously moved in predetermined directions 
within planes perpendicular to said optical axis of said 
optical system. 

In the third aspect of this invention, there is 

25 provided a transfer apparatus for transporting an object 
to be transferred to/from a stage, comprising; a 
plurality of support members which supports one surface 
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of said object; and a first driving mechanism which 
drives said plurality of support members in a first 
direction between a first position on one surface side of 
said object and a second position on an other surface 
5 side opposite to said one surface side. 

In this specification, the term "first direction" 
does not mean a direction in a normal sense but means the 
axis direction corresponding to the first direction, said 
plurality of support members making reciprocal movement 

10 along the axis. 

In this aspect, the apparatus includes the first 
driving mechanism which drives the plurality of support 
members in the first direction between the first position 
on one surface side of the object and the second position 

15 on the other surface side opposite to the one surface 

side. In loading the object onto the stage, therefore, 
the first driving mechanism drives the plurality of 
support members supporting one surface of the object to 
the first position to load the object onto the stage at 

20 some midpoint during the driving or near the first 

position. The first driving mechanism then drives the 
plurality of support members to the second position on 
the other surface side opposite to one surface side of 
the object on the stage and withdraw the plurality of 

25 support members from the stage so that the plurality of 
support members do not interfere with the object after 
the object is loaded. That is, the object can be loaded 
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onto the stage by moving the support members in the first 
direction almost perpendicular to the object mount 
surface of the stage. 

In this case, this apparatus may further comprise a 
5 second driving mechanism which drives the plurality of 
support members in respective directions within a plane 
perpendicular to the first direction. In this case, the 
plurality of support members can be driven in the plane 
perpendicular to the first direction by the second 

10 driving mechanism. In loading the object onto the stage, 
therefore, the object can be mounted on the object mount 
surface on the stage by a combination of driving of the 
plurality of support members in the first direction by 
the first driving mechanism and driving of the plurality 

15 of support members in the plane perpendicular to the 

first direction by the second driving mechanism, without 
any problem, even if the object mount surface of the 
object is located lower than the upper surface of the 
stage . 

20 In this case, the second driving mechanism can 

rotate said plurality of support members around a 
predetermined axis in the first direction in moving said 
plurality of support members in a plane perpendicular to 
the first direction. In this case, the stage need not 

25 have any 0 rotating mechanism. This makes it possible to 
simplify the arrangement of the stage. 

In the transfer apparatus of the present invention, 
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openings are preferably formed in the object, the 
plurality of support members being able to be 
inserted/withdrawn through said openings in the first 
direction. In this case, arcuated through-holes, or 
5 notches formed in the outer circumferential portion of 
said object are formed as the above openings, to allow 
the contact portions of the plurality of support members 
which come into contact with the object to pass through 
the object via the openings. In addition, rotational 

10 movement of the object or the support member in a 

predetermined angle can inhibit the plurality of support 
members from passing through the openings. Even if, 
therefore, there is almost no gap around the object mount 
surface of the stage, one surface of the object can be 

15 smoothly supported by the plurality of support members 

both when the object is loaded onto the stage and when it 
is unloaded from the stage. 

In the fourth aspect of this invention, there is 
provided an exposure apparatus for transcribing a pattern 

20 formed on a first object onto a second object through an 
optical system, comprising: a stage which mounts said 
first object; and a transfer system which transfers said 
first object to/from said stage; wherein the transfer 
system includes a plurality of support members which 

25 supports one surface of said first object, and a first 

driving mechanism which drives said plurality of support 
members in a first direction between a first position on 
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one surface side of said object and a second position on 
said other surface side opposite to said one surface. 

According to this apparatus, the first object can be 
loaded onto the stage by driving the plurality of support 
5 members in the first direction using the first driving 
mechanism of the transfer system. Even if the first 
object mount surface of the stage is lower in level than 
the upper surface of the stage, the first object can be 
loaded onto the mount surface without any problem. As a 

10 consequence, the first object can be located near the 
lower surface of the stage. This makes it possible to 
use a focusing/leveling sensor such as a multiple focal 
position detection system which uses an oblique incident 
light method on the first object side as well as on the 

15 second object side. Therefore, focusing/leveling control 
can be performed on the first object on which a pattern 
is formed, and the pattern of the first object can be 
transcribed (projected by exposure) onto the second 
object with higher precision. 

20 In this case, if the first object is a reflection 

type mask, the stage may be designed to move only near an 
exposure position where the pattern is transcribed onto 
the second object. Alternatively, the stage may be 
designed to move between the transportation position 

25 where the first object is transported to/from the 

transfer system and the exposure position where the 
pattern is transcribed onto the second object. In this 
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case, a transmission type mask can be used as the first 
ob j ec t . 

An exposure apparatus according to the present 
invention can comprise an interferometer system which 
5 manages both the transport and exposure positions and a 
position of the stage during movement between the 
transport and exposure positions. 

In this case, said interferometer system comprises: 
a first interferometer subsystem which manages the 

10 position of said stage, located at the transportation 

position, in a two-dimensional plane perpendicular to the 
first direction; and a second interferometer subsystem 
which manages the position of said stage, located at the 
exposure position, in the two-dimensional plane, and 

15 wherein interferometer beams from said first and second 
interferometer subsystems simultaneously irradiate a 
single reflecting surface of said stage while said stage 
is moving between the transportation position and the 
exposure position. In such a case, when interferometer 

20 beams from said first and second interferometer 

subsystems simultaneously irradiate a single reflecting 
surface of said stage, the interferometer system can be 
preset. This makes it possible to reduce the size of the 
stage . 

25 In addition, in a lithographic process, a pattern 

can be accurately formed on a substrate by exposure using 
an exposure apparatus of the present invention, thereby 
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manufacturing high - integration microdevices with high 
yield. According to still another aspect of the present 
invention, therefore, there is provided a device 
manufacturing method using the exposure apparatus of the 
5 present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of an exposure 
apparatus according to an embodiment of the present 
10 invention; 

Fig. 2 is an enlarged view illustrating an elevator 
unit and related elements in the apparatus shown in 
Fig. 1; 

Fig. 3 is a plan view illustrating a reticle stage 
15 base in the apparatus shown in Fig. 1; 

Fig. 4 is a sectional view taken along a line IV 

- IV in Fig. 2; 

Fig. 5 is an enlarged view illustrating a portion 
enclosed with a circle E in Fig. 4; 
20 Fig. 6 is a sectional view taken along a line VI 

- VI in Fig. 4; 

Fig. 7 is a block diagram of the control system of 
the apparatus in Fig. 1; 

Fig. 8 is a flow chart for explaining an embodiment 
25 of a device manufacturing method according to the present 
invention; and 

Fig. 9 is a flow chart showing processing in step 



16 




2 04 in Fig . 8 . 

Description of the Preferred Embodiments 

An embodiment of the present invention will be 
5 described below with reference to Figs. 1 to 7 . Fig. 1 
is a schematic diagram of an exposure apparatus 10 
according to the embodiment. This exposure apparatus 
comprises a transfer apparatus according to the present 
invention. The exposure apparatus 10 is an electron beam 

10 exposure apparatus (EB exposure apparatus) using an EBPS 
(Electron Beam Projection System) for transcribing a 
pattern of a reticle R as a mask onto a wafer W as a 
substrate by a scanning exposure method using an electron 
beam. Structural details may be referenced to the prior 

15 art, such as the USP No. 5,952,667, which are fully 
incorporated by reference herein. 

The exposure apparatus 10 includes a reticle vacuum 
chamber 12 and wafer vacuum chamber 14. 

The reticle vacuum chamber 12 houses a columnar 

20 illumination system 18 supported by a support frame 16 
and has an axis coinciding with the Z-axis direction 
(vertical axis direction) , a reticle stage base 20 placed 
along the X-Y plane (horizontal plane) below the 
illumination system 18, a reticle stage RST as a first 

25 stage that moves on the reticle stage base 20 

two - dimens ional ly in the X and Y directions while holding 
the reticle R, a reticle AF ( Au to - Focus ing ) / AL (Auto- 



17 



Leveling) system (22, 24) detecting the Z position of the 
reticle R and its tilt with respect to the X-Y plane, an 
elevator unit 26 as a transfer apparatus, a reticle 
library (not shown in Figs), and the like. 
5 The wafer vacuum chamber 14 houses a plurality of 

(four in this embodiment) vibration isolating units 28 
(the vibration isolating units on the rear side of the 
drawing are not shown in Fig.l) arranged on the floor of 
the wafer vacuum chamber 14, a wafer stage base 30 held 

10 almost horizontally by the vibration isolating units 28, 
a wafer stage WST as a second stage that moves on the 
wafer stage base 30 two - dimensional ly in the X and Y 
directions, a wafer AF/AL system (32, 34) detecting the Z 
position of the wafer W and its tilt with respect to the 

15 X-Y plane, a wafer loader 36, and the like. 

The exposure apparatus 10 also includes a projection 
lens PL serving as an optical system. The upper and 
lower end portions of the projection lens PL are partly 
housed in the reticle vacuum chamber 12 and wafer vacuum 

20 chamber 14, respectively. 

The illumination system 18 includes an electron gun 
which has an electron source consisting of LaB 6 (lanthanum 
hexaboride) , a blanking electrode, an illumination lens 
formed of an electron lens, a rectangular aperture, a 

25 shaping lens formed of an electron lens, a deflector 

(none of which are shown in Figs.), and the like. The 
illumination system 18 shapes an electron beam emitted 
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from the electron gun into an electron beam 1 by 1 mm 
square through the blanking electrode, illumination lens, 
rectangular aperture, and shaping lens, and irradiates an 
area (referred to as a sub- field) about 1 by 1 mm square 
5 on the reticle R with the electron beam having almost 

uniform energy density. The deflector has a sufficient 
deflecting power corresponding to a width RW (see Fig. 4) 
of one split pattern area of the reticle R (to be 
described later) in a non-scanning direction. This 

10 deflector is controlled by a main controller 100 (not 
shown in Fig. 1; see Fig. 7) (to be described later) 
controlling the overall apparatus. One split pattern 
area is one of a plurality of split pattern areas 
obtained by splitting a pattern to be transcribed onto 

15 one division area on the wafer. In this embodiment, two 
split pattern areas PA and PB, each having a length L in 
the scanning direction and a width RW in the non-scanning 
direction, are formed on the reticle R, as shown in 
Fig . 4 . 

20 The reticle stage RST holds the reticle R by 

electrostatic chucking, and is driven two - dimens ional ly 
in the X and Y directions by a two-dimensional linear 
actuator 19 (not shown in Fig. 1; see Fig. 7) such as a 
magnetic levitation type plane motor. In this embodiment, 

25 as this magnetic levitation type two-dimensional linear 
actuator 19, an actuator having a Z drive coil in 
addition to X and Y drive coils, which is disclosed in 
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detail in, for example, Japanese Patent Laid-Open 
No. 11-69764 and corresponding international application 
PCT/ JP98/03688 and US application, is used. Therefore, 
the reticle stage RST can be finely driven in the Z-axis 
5 direction and inclined with respect to the X-Y plane as 
well as being moved within the X-Y plane. Details 
disclosed in said Japan Patent Laid-Open, international 
application and corresponding US application, are fully 
incorporated by reference herein. 

10 Obviously, the reticle stage RST can be driven 

two - dimens ional ly by two linear motors. 

As shown in Fig. 2, the reticle stage RST has a hole 
40 formed in its central portion. The hole 40 has a 
circular shape when viewed from the top. A circular 

15 opening 42, which is concentric with the hole 40, is 

formed on the bottom surface of the hole 40 leaving its 
peripheral portion. An electrostatic chuck (not shown in 
Figs.) is placed on the bottom surface of the hole 40 to 
chuck a support ring 44 that is a doughnut - shaped 

20 (ring-shaped) frame for supporting the reticle R. In 

this embodiment, since a thin reticle (so-called stencil 
mask) formed by processing a silicon wafer as a material 
to a thickness of about several Um is used as the reticle 
R, it is difficult to transfer the reticle R alone. The 

25 reticle R, therefore, is mounted on the support ring 44, 
and they are both transferred together. In this 
embodiment, the reticle R and support ring 44 constitute 
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a reticle assembly 45 serving as an object to be 
transferred (or first object). 

Referring back to Fig. 1, a reticle laser 
interferometer system (an interferometer) 38 fixed, on 
5 the reticle stage base 20, detects the position of the 
reticle stage RST in the X-Y plane with a resolution of 
0.5 nm to 1 nm with reference to the projection lens PL. 
The measurement value obtained by the reticle laser 
interferometer system 38 is sent to a stage control 

10 system 21 (not shown in Fig. 1; see Fig. 7) and to the 

main controller 100 through the stage control system 21. 
The arrangement of the reticle laser interferometer 
system 38 will be described later. 

As the above reticle AF/AL system for detecting the 

15 Z position of the reticle R and its tilt with respect to 
the X-Y plane, a multiple focal position detection system 
based on an oblique incident light method is used. This 
system is comprised of an irradiation optical system 22 
for sending a beam, which forms a plurality of slit 

20 images onto the reticle R located on the object surface 

side of the projection lens PL, to the reticle R along an 
oblique direction with respect to the optical axis 
direction (Z-axis direction) of the projection lens PL, 
and a 1 ight - receiving optical system 24 for receiving the 

25 respective imaging beams reflected by the reticle surface 
through slits. As this multiple focal position detection 
system (22, 24), a system having an arrangement similar 
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to that disclosed in, for example, Japanese Patent 
Laid-Open No. 5-190423 and corresponding USP 
No. 5,502,311 is used, which are fully incorporated by- 
reference herein. 
5 The detection values obtained by the multiple focal 

position detection system (22, 24) are sent to the main 
controller 100 and to the stage control system 21 through 
the main controller 100. The stage control system 21 
drives the reticle stage RST, through the two-dimensional 

10 linear actuator 19, in the Z direction and inclines the 

reticle stage RST with respect to X-Y plane so as to keep 
a predetermined distance between the reticle R and the 
projection lens PL. 

The elevator unit 26 is arranged just above a 

15 position (loading/unloading position) where the reticle R 
is to be transported to/from the reticle stage RST. As 
shown in detail in Fig. 2, the elevator unit 26 includes 
a vertical/rotational movement driving section 43 which 
is fixed to a support frame 42B with a plurality of bolts 

20 46 through a flange portion 43A, and inserted downward 

into a circular opening 42a of the support frame 42B, and 
a driven member 48 mounted on a table 43C formed from a 
circular plate-like member which is mounted on an end 
portion of a vertical/rotational movement shaft 43B of 

25 the vertical/rotational driving section 43. 

More specifically, a vertical/rotational movement 
mechanism (not shown in Figs.) incorporated in the 
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vert ical /rota tional movement driving section 43 drives 
the vertical/rotational movement shaft 43B in the 
vertical direction (Z-axis direction) indicated by arrows 
C and C' in Fig. 2, the direction indicated by an arrow D 
5 in Fig. 2 and the opposite direction thereto, i.e., the 
rotational direction (0 direction) around the Z-axis. 

The driven member 48 is integrally formed by a 
ring-like mount portion 48a fixed to the lower surface of 
the table 43C with a plurality of screws 52, a cover 

10 portion 48b serving as a cylindrical cover extending 

upward from an outer edge portion of the mount portion 
48a, and three finger portions 48c 1# 48c 2 , and 48c which 
extend downward as support members arranged at intervals 
of about 120° on the lower surface of the mount portion 

15 48a. Obviously, the mount portion 48a, cover portion 48b, 
and finger portions 48^ to 48c 3 can be formed by separate 
members and integrated into one unit by welding or the 
like. In the following description, the cover portion 
48b and finger portions 48c x to 48c 3 shall be referred to 

20 as the "cover 48b" and "hook members 48c 1 to 48c 3 ", 

respectively, or generically referred to as "hook member 
48c" . 

The upper portion of the cover 48b is open, and a 
predetermined gap is present between the lower portion of 
25 a side surface of the cover 48b and the outer surface of 
the table 43C. However, since the bottom portion of the 
cover 48b is integrally formed with the mount portion 48a, 
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no gap is present between the cover 48b and the mount 
portion 48a. Even if, therefore, dust and the like are 
accidentally produced upon vertical movement or rotation 



5 portion 48b can prevent the dust and the like from 
dropping onto the reticle stage RST side or can 
effectively suppress such action. 

The above three hook portions 48^ to 48c 3 have the 
same structure. A hook support portion for supporting 

10 the support ring 44 as a member of the reticle assembly 
45 is formed on the distal end (lower end) of each hook 
portion 48c. A rubber pin 54 made of fluor ine - based 
rubber as an elastic member is fixed on the upper surface 
of the support portion of each hook portion 48c. In this 

15 embodiment, the material for the support ring 44 is a 
nonmetallic material such as silicone carbide, and the 
material for the hook portion 48c is metal such as iron 
or stainless steel. If, the support ring 44 and hook 
portion 48c come into direct contact with each other, the 

20 support ring 44 may be damaged, or dust may be produced 
from the contact portion. Therefore, the rubber pin 54 
is fixed to the upper surface of the support portion of 
the hook portion 48c to prevent these members from coming 
into direct contact. In addition, since f luor ine - based 

25 rubber is used as the material for the rubber pin 54, the 
friction coefficient U between the rubber pin 54 and the 
support ring 44 is relatively large (e.g., It > 0.4), 



of the 




movement shaft 43B, the cover 
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which makes it possible to reliably support (hold) the 
reticle assembly 45 in the manner described later. 

As shown in Fig. 4, which is a sectional view taken 
along a line IV - IV in Fig. 2, a V-shaped notch 44a and 
5 U-shaped notches 44b and 44c as openings are formed in 

the outer circumferential portion of the support ring 44 
at intervals of about 120' in correspondence with three 
hook portions 48^. 48c 2 , and 48c 3 . As shown in Fig. 6, 
which is a sectional view taken along a line VI - VI in 

10 Fig. 2, notched portions 41a, 41b, and 41c, each having a 
substantially trapezoidal shape when viewed from the top 
are formed in the circumferential wall of the hole 40 at 
intervals of about 120" in correspondence with the three 
hook portions 48c!, 48c 2 , and 48c 3 . As will be described 

15 later, these notched portions 41a, 41b, and 41c have the 
function of allowing the hook portions 48c! to 48c 3 to 
make 0 rotation within a predetermined angle Ot * and 
inhibiting them from rotating more. 

Fig. 3 is a plane view of the reticle stage base 20. 

20 Referring to Fig. 3, the reticle stage RST indicated by 
the solid line is in a state wherein the center of the 
reticle stage RST almost coincides with the center of an 
exposure position at which the pattern of the reticle R 
is transcribed onto the wafer W, i.e., the center of the 

25 projection lens PL indicated by a center AX of the 

cross-shaped mark. The reticle stage RST indicated by 
the virtual line (chain doubl e - dashed line) is at a 
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position at which the reticle R is transported. As is 
obvious from Fig. 3, in this embodiment, the reticle 
stage RST is designed to move between the reticle R 
transportation position and the exposure position. In 
5 other words, transport (loading/unloading) of the reticle 
R with respect to the reticle stage RST and exposure of 
the reticle R are performed at different positions. In 
spite of the fact that the transmission type reticle R is 
used, the reticle R (reticle assembly 45) can be 

10 transported to/from the reticle stage RST from above by 
the elevator unit 26, as will be described later. 

Reflecting surfaces 21a and 21b are respectively 
formed on a side surface of the reticle stage RST in the 
X direction (+X side) and a side surface thereof in the Y 

IB direction (+Y side) by mirror polishing. The position of 
the reticle stage RST in the Y-axis direction, i.e., the 
scanning direction, is always measured by a reticle Y 
laser interferometer 38Y for irradiating the reflecting 
surface 21b with a measurement beam RIY. The position of 

20 the reticle stage RST in the X-axis direction, i.e., the 
non-scanning direction, in exposure operation is measured 
by a reticle X laser interferometer 38X1 for irradiating 
the reflecting surface 21a of the reticle stage RST at 
the exposure position. The X-direction position of the 

25 reticle stage RST during loading/unloading of the reticle 
R (reticle assembly 45) is measured by a reticle X laser 
interferometer 38X2 capable of irradiating the reflecting 
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surface 21a of the reticle stage RST at the 

transportation position with a measurement beam RIX2 . In 
this embodiment, the reticle Y laser interferometer 38Y 
and reticle X laser interferometer 38X2 constitute a 
5 first interferometer subsystem for managing the position 
of the reticle stage RST in a plane (X-Y plane) 
perpendicular to the first direction (Z-axis direction) 
while the stage is at the transportation position. The 
reticle Y laser interferometer 38Y and reticle X laser 
10 interferometer 38X1 constitute a second interferometer 

subsystem for managing the position of the reticle stage 
RST in the X-Y plane while the stage is at the exposure 
pos i t ion . 

As is also obvious from Fig. 3, the reticle X laser 
15 interferometer 38X1 and reticle X laser interferometer 
38X2 must be switched during movement of the reticle 
stage RST. In this embodiment, however, the reflecting 
surface 21a of the reticle stage RST can be irradiated 
simultaneously with the measurement beam (interferometer 
20 beam) RIX2 from the reticle X laser interferometer 38X2 

as a member of the first interferometer subsystem and the 
measurement beam RIX1 from the reticle X laser 
interferometer 38X1 as a member of the second 
interferometer subsystem while the reticle stage RST 
25 moves between the transportation position and the 

exposure position. In this embodiment, the stage control 
system 21 performs the above interferometer switching, in 
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accordance with an instruction from the main controller 
100, after an interferometer measurement value is preset 
to make a measurement value from the interferometer that 
has not been used coincide with a measurement value from 
5 an interferometer that has been used at the position 
where the reflecting surface 21a is irradiated 
simultaneously with measurement beams from the 
interferometers 38X1 and 38X2 during movement of the 
reticle stage RST in the Y direction. In this embodiment, 

10 an interferometer measurement value can be present, and 

interferometers can be switched in this manner. Even if, 
therefore, a reflecting surface of the reticle stage RST 
is not irradiated with the measurement beams 
(interferometer beams) RIX1 and RIX2 during movement of 

15 the reticle stage RST, no problem arises. For this 

reason, a movement stroke can be sufficiently ensured for 
the reticle stage RST, and the size of the stage can be 
reduced. In addition, the position controllability of 
the reticle stage RST is good. 

20 In addition, to minimize any error due to rotation 

of the reticle stage RST during the above interferometer 
switching, the reticle Y laser interferometer 38Y as a 
multi-axis interferometer is used to measure Y-direction 
position and 0 rotation measurement. Furthermore, 

25 measurement beams from the respective interferometers 
38X1, 38X2, and 38Y are irradiated at almost the same 
height position as that of the pattern surface of the 
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reticle R (see Fig. 1) . 

As described above, in this embodiment, the reticle 
laser interferometer system 38 is comprised of the 
reticle Y laser interferometer 38Y and the two reticle X 
5 laser interferometers 38X1 and 38X2. These three 

interferometers are representatively shown as the reticle 
laser interferometer system 38 in Fig. 1. 

As shown in Fig. 3, in this embodiment, reticle 
alignment microscopes 68A and 68B are arranged as a pair 

10 of mark detection systems on the reticle stage base 20 at 
a position near the reticle R transportation position. A 
reticle alignment mark formed on the reticle R can be 
observed at the transportation position by this pair of 
reticle alignment microscopes 68A and 68B. The 

15 observation data obtained by the reticle alignment 

microscopes 68A and 68B is sent to the main controller 
100 (see Fig. 7) . The reticle alignment microscopes 68A 
and 68B are similar to those disclosed in, for example, 
Japanese Patent Laid-Open No. 61-121437 and corresponding 

20 USP No. 4,710,029, which are fully incorporated by 
reference herein. 

Referring back to Fig. 1, a flange portion FLG is 
located slightly above the middle portion of the lens 
barrel portion in the height direction, and the 

25 projection lens PL is supported by a support frame 58 

through the flange portion FLG. As this projection lens 
PL, a reduction projection lens constituted by a 
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plurality of electron lens is used. The reduction ratio 
(projection magnification) >3 of the projection lens PL is 
1/4 in this case . 

The wafer stage WST is driven two - dimensionally on 
5 the wafer stage base 30 in the X and Y directions by a 

two-dimensional linear actuator 29 (not shown in Fig. 1; 
see Fig. 7) constituted by a magnetic levitation type 
planar motor and the like disclosed in, for example, 
Japanese Patent Laid-Open No. 9-17848, 9-17847, 9-17846 

10 and corresponding USP No. 5,925,956, which are fully 
incorporated by reference herein. 

The wafer W is fixed on the upper surface of the 
wafer stage WST by a wafer holder 60 using electrostatic 
chucking. The wafer holder 60 can be finely driven in 

15 the Z-axis direction, an oblique direction with respect 
to the X-Y plane, and a rotational direction (6 
direction) around the Z-axis by a driving system 61 (not 
shown in Fig. 1; see Fig. 7) including, for example, 
three voice coil motors which support the wafer holder at 

20 three points and can finely drive the wafer holder 

independently in the Z-axis. The position of the wafer 
stage WST in the X-Y plane is detected by a wafer laser 
interferometer system 64 using a moving mirror 62 with a 
resolution of 0.5 nm to 1 nm with reference to the 

25 projection lens PL. The measurement value obtained by 

this wafer laser interferometer system 64 is sent to the 
stage control system 21 and to the main controller 100 
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through the stage control system 21 (see Fig. 7) . 

A reference mark plate FM on which a reference mark 
for baseline measurement and other reference marks is 
placed on the upper surface of the wafer stage WST. The 
5 surface of this reference mark plate FM is almost flush 
with the surface of the wafer W. 

As the wafer AF/AL system for detecting the Z 
position of the wafer W and its tilt, a multiple focal 
position detection system which uses an oblique incident 

10 light method is used. This system is comprised of an 

irradiation optical system 32 for sending a beam, which 
forms a plurality of slit images onto the wafer W located 
on the imaging plane side of the projection lens PL, to 
the wafer W along an oblique direction with respect to 

15 the optical axis direction (Z-axis direction) of the 

projection lens PL, and a 1 ight - receiving optical system 
34 for receiving the respective imaging beams reflected 
by the wafer surface through slits. As this multiple 
focal position detection system (32, 34), a system having 

20 an arrangement similar to that disclosed in, for example, 
Japanese Patent Laid-Open No. 5-190423 and corresponding 
USP No. 5,502,311 is used. The detection values obtained 
by this multiple focal position detection system (32, 34) 
are sent to the main controller 100 and to the stage 

25 control system 21 through the main controller 100. The 
stage control system 21 drives the wafer holder 60, 
through the driving system 61, in the Z direction and 




tilts the wafer holder 60 so as to keep a predetermined 
distance between the wafer W and the projection lens PL 
(see Fig . 7 ) . 

The exposure apparatus 10 of this embodiment also 
5 has an off -axis type alignment microscope, e.g., an 

imaging alignment sensor ALG using an image processing 
method, arranged on a side surface of the projection lens 
PL to detect the position of an alignment mark (wafer 
mark) formed with each shot ar ea ( di vi s ion area) on the 

10 wafer W. The measurement result obtained by the imaging 
alignment sensor ALG is sent to the main controller 100 
(see Fig. 7) . As the imaging alignment sensor ALG, a 
sensor having an arrangement similar to that disclosed in, 
for example, Japanese Patent Laid-Open No. 7-321030 and 

15 corresponding USP No. 5,721,605 is used, which are fully 
incorporated by reference herein. 

Prior to exposure, the main controller 100 performs 
EGA (Enhanced Global Alignment) for calculating the 
arrangement coordinates of the shot areas on the wafer W 

20 in a stage coordinate system by statistical computation 
disclosed in Japanese Patent Laid-Open No. 61-44429 and 
corresponding USP No. 4,780,617 on the basis of the 
measured positions of the wafer marks, which are fully 
incorporated by reference herein. 

25 Fig. 7 shows the above - described components in the 

control system of the exposure apparatus 10. The control 
system shown in Fig. 7 has the main controller 100 as a 
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main component, which is a microcomputer (or workstation) . 

In the exposure apparatus 10 having the above 
arrangement, operation of transferring the reticle 
assembly 45, which is constituted by the reticle R and 
5 the support ring 44 mounting it, will be described next 
with reference to Figs. 1, 2, 4, 5, and 6. Fig. 5 is an 
enlarged view of the portion enclosed with a circle E in 
Fig . 4 . 

X First of all, a loader robot arm 70 serving as a 

10 transfer arm supporting the support ring 44 of the 

reticle assembly 45 moves horizontally as indicated by an 
arrow H in Fig. 1 to transfer the reticle assembly 45 
toward the transportation position in accordance with an 
instruction from the main controller 100. The loader 

15 robot arm 70 then moves to the transportation position 

just below the elevator unit 26 and stops at the position 
in accordance with an instruction from the main 
controller 100. Fig. 2 shows a state wherein the loader 
robot arm 70 is at rest at the transportation position. 

20 At this time, the three hook members 48c : to 48c 3 are 

standing by at positions where they do not interfere with 
the support ring 44, and more specifically, the upper 
movement limit position (second position) indicated by 
reference symbol P2 in Fig. 2. In this state, as shown 

25 in Fig. 4, which is a sectional view taken along a line 
IV - IV in Fig. 2, the three hook members 48c : , 48c 2 , and 
48c 3 just correspond to the notches 44a, 44b, and 44c of 
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the support ring 44 . 

Z The driven member 48 is then driven downward by a 
predetermined amount, together with the 
vert ical /rotational movement shaft 43B, by the 
5 vert ical /rotational movement driving section 43 of the 
elevator unit 26 in accordance with an instruction from 
the main controller 100. As a consequence, the three 
hook members 48c lt 48c 2 , and 48c 3 move downward to a 
position P3 in Fig. 2 and stop at the position. In this 

10 downward movement, the three hook members 48c : , 48c 2 , and 
48c 3 pass through the notches 44a, 44b, and 44c formed in 
the support ring 44 . 

(3) The vertical/rotational movement driving section 
43 rotates the driven member 48, together with the 

15 vertical /rotational movement shaft 43B, in a direction 
opposite to the direction indicated by the arrow D in 
Fig. 2 in a predetermined angle Ot in accordance with an 
instruction from the main controller 100. As a 
consequence, the three hook members 48c lf 48c 2 , and 48c 3 

20 rotate together in the predetermined angle Ot in a 
direction opposite to the direction indicated by the 
arrow D in Fig. 2. Fig. 4 shows the three hook members 
48c,, 48c 2 , and 48c 3 after this rotation by the virtual 
lines. At this time, the three hook members 48c : , 48c 2 , 

25 and 48c 3 are located below the support ring 44 (see 
Figs . 4 and 5 ) . 

4, The driven member 48 is driven upward, together 
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with the vertical/rotational movement shaft 43B, by a 
predetermined amount by the vertical/rotational movement 
driving section 43 in accordance with an instruction from 
the main controller 100. As a consequence, the three 
5 hook members 48c w 48c 2 , and 48c 3 move upward, and the 

rubber pins 54 fixed on the upper surfaces of the hooked 
support portions come into contact with the bottom 
surface of the support ring 44. The three hook members 
48c!, 48c 2/ and 48c 3 further move upward to raise the 
10 reticle assembly 45. As a consequence, the reticle 

assembly 45 separates from the loader robot arm 70. In 
this manner, the reticle assembly 45 is transported from 
the loader robot arm 70 to the three hook members 48c : , 
4 8c 2 , and 4 8c 3 . 

15 5 The loader robot arm 70 moves in a direction 

opposite to the direction indicated by the arrow H and 
returns to the initial position in accordance with an 
instruction from the main controller 100. 

(6) When the loader robot arm 70 withdraws to a 

20 position where it does not interfere with the reticle 
assembly 45, the vertical /rotational movement driving 
section 43 moves the driven member 48 downward by a 
predetermined amount, together with the 

vertical/rotational movement shaft 43B, in accordance 
25 with an instruction from the main controller 100, so as 

to load the reticle assembly 45 on the reticle stage RST. 
More specifically, the reticle assembly 45 (i.e., the 
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support ring 44) supported on the three hook members 48c : , 
48c : , and 48c 3 is driven downward to a position just above 
the position where they come into contact with the bottom 
surface of the hole 40, and is stopped there. 
5 X Upon confirming that the hook members 48c : , 48c 2 , 

and 48c 3 have stopped, the alignment marks (positioning 
mark) formed on the reticle R are observed by using the 
pair of reticle alignment microscopes 68A and 68B mounted 
on the reticle stage base 20, and the main controller 100 

10 calculates any positional offset of the alignment mark 
from the reference point, i.e., error components of the 
reticle R in the X, Y, and 0 directions, on the basis of 
the observation result. The main controller 100 gives 
the vert ical /rota tional movement driving section 43 of 

15 the elevator unit 26 a command value for correcting an 
error component A 0 in the 0 direction. In accordance 
with this command value, the vert ical /rota tional driving 
section 43 rotates the driven member 48, i.e., the hook 
members 48c L , 48c 2 , and 48c 3 , to correct the 0 -direction 

20 error of the reticle R immediately before it is loaded on 
the reticle stage RST. Meanwhile, command values for 
correcting error components Ax and Ay of the reticle R 
in the X and Y directions are sent from the main 
controller 100 to the stage control system 21. The stage 

25 control system 21 then finely drives the reticle stage 
RST two - dimensionally in the X and Y directions, thus 
correcting the X and Y errors of the reticle R 
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immediately before it is loaded on the reticle stage RST. 

8 when the errors of the reticle R in the X, Y, and 
0 directions are corrected, i.e., the reticle R is 
aligned, in the above manner, the vertical/rotational 
5 movement driving section 43 drives the driven member 48 
slightly downward, together with the vertical/rotational 
movement shaft 43B, in accordance with an instruction 
from the main controller 100. With this operation, the 
three hook members 48c!, 48c 2 , and 48c 3 move downward to a 

10 position PI (first position) in Fig. 2 and stop there. 
During this downward movement, the reticle assembly 45 
supported on the three hook members 48c x , 48c 2 , and 48c 3 
comes into contact with the bottom surface of the hole 40 
of the reticle stage RST. When the three hook members 

15 48c 1 7 48c 2 , and 48c 3 further move downward, the reticle 
assembly 45 is transported onto the reticle stage RST. 

CD The vertical/rotational movement driving section 
43 rotates the driven member 48, together with the 
vertical/rotational movement shaft 43B, in the direction 

20 indicated by the arrow D in Fig. 2 in the predetermined 

angle ot m in accordance with an instruction from the main 
controller 100. As a consequence, the three hook members 
48c 1# 48c 2 , and 48c 3 rotate together in the predetermined 
angle (* ' in the direction indicated by the arrow D in 

25 Fig. 2 (see Fig. 6), and just correspond to the inner 

portions of the notches 44a, 44b, and 44c of the support 
ring 44. Thereafter, the vertical /rotational movement 
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driving section 43 raises the vertical /rota tional 
movement shaft 43B and driven member 48 together in 
accordance with an instruction from the main controller 
100. With this operation, the three hook members 48c :/ 
5 48c 2 , and 48c 3 pass through the notches 44a, 44b, and 44c 
of the support ring 44 of the reticle assembly 45 mounted 
on the reticle stage RST, and return (withdraw) to a 
position P2 in Fig. 2. 

With the above operation, loading of the 

10 vertical/rotational movement driving section 43 onto the 
reticle stage RST is completed. 

The reticle assembly 45 can be unloaded from the 
reticle stage RST by a reverse procedure to that 
indicated by X to \& without performing operation \L/ . 

15 As is obvious from the above description, in this 

embodiment, the first and second driving mechanisms are 
constituted by the elevator unit 26 and 

vertical /rotational movement driving section 43, and a 
measurement unit is constituted by the reticle alignment 
20 microscopes 68A and 68B and main controller 100. 

Other operations in the exposure process which are 
to be performed after loading of the reticle assembly 45 
in the exposure apparatus 10, will be briefly described 
next . 

25 First of all, the wafer loader 36 loads the wafer W 

onto the wafer stage WST under the control of the main 
controller 100, and preparatory processing, e.g., 
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baseline measurement, is performed by using the reference 
mark plate FM on the wafer stage WST and the alignment 
sensor ALG in accordance with a predetermined procedure. 
Preparatory processing such as baseline measurement is 
5 disclosed in detail in, for example, Japanese Patent 
Laid-Open No. 4-324923 and corresponding USP 
No. 5,243,195, which are fully incorporated by reference 
herein . 

The main controller 100 then executes alignment 

10 measurement such as EGA disclosed in, for example, 

Japanese Patent Laid-Open No. 61-44429 and corresponding 
USP No. 4,780,617 by using the imaging alignment sensor 
ALG. In this operation, if the wafer W needs to be moved, 
the main controller 100 controls at least a current value 

15 to be supplied to a predetermined armature coil of the 

two-dimensional linear actuator 29 or a current direction 
through the stage control system 21, thereby moving the 
wafer stage WST holding the wafer W in a desired 
direction. After the alignment measurement, exposure 

20 operation based on the scanning exposure scheme is 
performed as follows. 

In this exposure operation, the wafer stage WST is 
first moved such that the X and Y positions of the wafer 
W coincide with the scanning start position at which the 

25 first split area in the first division area (first shot) 
on the wafer W. At the same time, the reticle stage RST 
is moved such that the X and Y positions of the reticle R 
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coincide with the scanning start position for the split 
pattern area PA. In accordance with an instruction from 
the main controller 100, the stage control system 21 
synchronously moves the reticle R and wafer W, through 
5 the two-dimensional linear actuators 19 and 29, in 

opposite directions along the Y-axis direction at a speed 
ratio corresponding to the projection magnification of 
the projection lens PL on the basis of the X and Y 
position information of the reticle R and the X and Y 

10 position information of the wafer W which are 

respectively measured by the reticle laser interferometer 
system 38 and wafer laser interferometer system 64. At 
the same time, an electron beam 1 by 1 mm square which is 
transmitted from the illumination system 18 onto the 

15 reticle R at a speed much higher than these scanning 
speeds is deflected in a non-scanning direction (X 
direction) to scan all the first split pattern area PA in 
the non-scanning direction. This deflection is performed 
by a deflector in the illumination system 18 in 

20 accordance with an instruction from the main controller 

100. With this operation, the entire first split pattern 
area PA is transcribed to the first split area in the 
first shot on the wafer W. During this scanning exposure 
on the first split area, the stage control system 21 

25 performs focus ing/ level ing control by finely driving the 
reticle stage RST in the Z direction and tilting with 
respect to the X-Y plane on the basis of the measurement 
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values obtained by the reticle AF/AL system (22, 24), and 
also performs focusing/ level ing control by finely driving 
the wafer holder 60 in the Z direction and inclining with 
respect to the X-Y plane on the basis of the measurement 
5 values obtained by the wafer AF/AL system (32, 34) . 

After transcribing of the first split pattern area 
PA is completed in this manner, the stage control system 
21 continuously moves the reticle stage RST and wafer 
stage WST synchronously along U-shaped paths. When the X 

10 and Y positions of the wafer W coincide with a scanning 
start position for exposure in the second split area in 
the first shot on the wafer W, and the X and Y positions 
of the reticle R coincide with a scanning start position 
for the split pattern area PB, the pattern of the split 

15 pattern area PB is transcribed to the second split area 

adjacent to the first split area in the first shot on the 
wafer W in the manner as described above. With this 
process, transcribing of the reticle pattern onto the 
first shot on the wafer W is completed. 

20 As soon as transcribing the reticle pattern onto one 

shot area is completed in this manner, the wafer stage 
WST is stepped to a scanning starting position for 
exposure of the next shot, and a reticle pattern is 
transcribed onto the next shot area in the same manner as 

25 described above. In this manner, stepping and 

transcribing of a reticle pattern are sequentially 
repeated to transcribe patterns corresponding to the 
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required number of shots onto the wafer W. 

As described above, according to this embodiment, 
the reticle assembly 45 (reticle R) can be 

loaded/unloaded on/from the reticle stage RST from above 
5 by using the elevator unit 26. Therefore, the reticle 
assembly 45 as an object to be transferred can be 
loaded/unloaded to/from the reticle stage RST as a stage, 
without any problem in spite of the fact that the reticle 
mount surface is lower in level than the upper surface of 

10 the reticle stage RST. For this reason, in this 

embodiment, as described above, the multiple focal 
position detection system (22, 24) using the oblique 
incident light method can be installed on the object 
surface side of the projection lens PL without any 

15 problem. This makes it possible to perform 

focus ing/ level ing control on the reticle R as well as 
focusing/leveling control on the wafer W during scanning 
exposure. The exposure apparatus 10 of this embodiment 
can therefore transcribe a reticle pattern onto a wafer 

20 with higher precision than a conventional exposure 
apparatus having only a wafer-side AF/AL system. 

In addition, since the elevator unit 26 has the 
three hook members 48c : to 48c 3 capable of 0 rotation as 
well as vertical movement, the reticle assembly 45 can be 

25 caused to make 0 rotation before the reticle assembly 45 
is loaded onto the reticle stage RST. This makes it 
unnecessary for the reticle stage RST to have a 0 stage 
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rotation mechanism) like a conventional stage, thus 
simplifying the structure of the reticle stage RST . 

And in the exposure apparatus 10, since the pair of 
reticle alignment microscopes 68A and 68B are arranged 
5 below the transportation position for the reticle 
assembly 45, reticle alignment can be performed 
immediately before the reticle assembly 45 is loaded on 
the reticle stage RST by observing/measuring the reticle 
alignment mark with the reticle alignment microscopes 68A 
10 and 68B, correcting any 0 error of the reticle with the 
elevator unit 26, and correcting X and Y errors of the 
reticle by moving the reticle stage RST in the X and Y 
directions . 



15 example, and the arrangement of the transfer apparatus 

according to the present invention is not limited to this. 
More specifically, according to the above embodiment, the 
first and second driving mechanisms are formed from the 



20 the first and second driving mechanisms may be formed 
from different mechanisms. In this case, a mechanism 
having only a vertical movement shaft may be used as the 
first driving mechanism, and a mechanism for separately 
driving a plurality of (at least three) support members 

25 fixed on the distal end of the vertical movement shaft in 
a horizontal plane, e.g., the radial direction of the 
reticle assembly 45 may be used as the second driving 



The above arrangement of the elevator unit 26 is an 




movement driving section 43. 



However , 
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mechanism. In this case, the lower surface of the 
reticle assembly 45 as an object to be transferred, can 
be supported by the support members without forming 
notches as openings in the reticle assembly 45. 
5 In the above embodiment, notches are formed as 

openings in the outer circumferential portion of the 
support ring 44 of the reticle assembly 45 as an object 
to be transferred. However, the present invention is not 
limited to this. The support ring 44 may have arcuated 

10 openings which partly open wide to allow the hook members 
48c : to 48c 3 to pass through. In this case, the hook 
support portions (portions that contact an object to be 
transferred) of the hook members 48c! to 48c 3 can pass 
through the openings, and the reticle assembly 45 can be 

15 supported by the support members by inhibiting the 

support portions from passing through the openings upon 
rotation within a predetermined angle. Even if, 
therefore, there is almost no gap around the reticle 
assembly mount portion of the reticle stage RST, the 

20 reticle assembly 45 can be smoothly loaded/unloaded 
on/from the reticle stage RST. 

The above embodiment includes the three hook members 
48c as support members. The number of hook members is 
set to three in order to stably support a disk-like 

25 object to be transferred (first object) with a simplest 
arrangement. However, the present invention is not 
limited to this. Two, four or more support members may 
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be used. When two support members are to be used, the 
portion of each support member coming into contact with 
the object to be transferred may be shaped in certain 
areas along the outer edge of the object to steadily 
5 support the object. 

In the above embodiment, when the reticle assembly 
45 is to be loaded onto the reticle stage RST , the three 
hook members 48c serving as support members are driven 
vertically. If, however, the stage can move vertically, 

10 the stage may be moved vertically, or the support members 
and stage may be relatively driven vertically. 

According to the above embodiment, the present 
invention is applied to the electron beam exposure 
apparatus using the EBPS method . However , the 

15 application range of the present invention is not limited 
to this. For example, the present invention can be 
suitably applied to a DUV (Deep Ultraviolet) exposure 
apparatus having an ultra-high pressure mercury lamp or 
KrF excimer laser device (oscillation wavelength: 248 nm) 

20 as a light source, a VUV (Vacuum Ultraviolet) exposure 

apparatus having an Arf excimer laser device (oscillation 
wavelength: 193 nm) or F 2 laser device (oscillation 
wavelength: 157 nm) as a light source, or an EUV (Extreme 
Ultraviolet) exposure apparatus having a light source for 

25 emitting extreme ultraviolet light in the soft X-ray 
region . 

Such an exposure apparatus may be a scanning 
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exposure apparatus (e.g., USP No. 5,473,410) designed to 
transcribe a pattern of a mask by synchronously moving 
the mask and a substrate, or a s tep - and - repeat exposure 
apparatus designed to transcribe a pattern of a mask onto 
5 a substrate while the mask and substrate are at rest and 
sequentially step the substrate. 

A projection lens (projection optical system) as a 
member of such an exposure apparatus may be of a 
reduction magnification type, one-to-one magnification 

10 type, or enlargement magnification type. As the 

projection lens (projection optical system), a lens made 
of a glass material that transmits f ar - ul traviolet light, 
e.g., quartz or fluorite is used when f ar - ul traviolet 
light such as an excimer laser beam is to be used. When 

15 an F 2 laser beam or EUV 1 igh t is to be used, a 

catadioptric or reflection optical system is used, and a 
reflecting reticle may be used. When a reflecting 
reticle is to be used, the reticle may be loaded/unloaded 
near the exposure position. 

20 In the case a linear motor (see USP No. 5,623,853 or 

5,528,118) is to be used for a wafer stage or reticle 
stage, the motor may be of an air levitation type using 
an air bearing or magnetic levitation type using Lorentz 
force or reactance force. The stage may be of a type 

25 that moves along a guide or a guide-less type having no 
guide . 

The reaction force generated upon movement of the 
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wafer stage may be mechanically relieved to the floor 
(ground) by using a frame member as disclosed in, for 
example, Japanese Patent Laid-Open No. 8-166475 and 
corresponding USP No. 5,528,118, which are fully 
5 incorporated by reference herein. 

The reaction force generated upon movement of the 
reticle stage may also be mechanically relieved to the 
floor (ground) by using a frame member as disclosed in, 
for example, Japanese Patent Laid-Open No. 8-330224 and 

10 corresponding USP Application No. 08/416558, which are 
fully incorporated by reference herein. 

Application of this exposure apparatus is not 
limited to an exposure apparatus for the manufacture of 
semiconductor devices. For example, this apparatus can 

15 be widely applied to an exposure apparatus for liquid 

crystal devices, which forms patterns of liquid crystal 
display element on a rectangular glass plate by exposing 
it, an exposure apparatus used for the manufacture of 
thin magnetic heads, and the like. 

20 An exposure apparatus of the present invention such 

as the above embodiment can be manufactured by 
incorporating an illumination system constituted by a 
plurality of electron lenses and the like and a 
projection lens in an exposure apparatus body, and 

25 adjusting them, and by mounting a reticle stage, wafer 
stage, and elevator unit each constituted by many 
mechanical parts, peripheral parts, and the like on the 
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exposure apparatus body, connecting wires and pipes, and 
performing overall adjustment (electric adjustment, 
operation checks, and the like) . Such an exposure 
apparatus is preferably manufactured in a clean room 
5 where temperature, degree of cleanliness, and the like 
are managed. 

A semiconductor device is manufactured through the 
following steps: the step of designing the function and 
performance of the device; the step of manufacturing a 

10 reticle on the basis of the design step; the step of 

manufacturing a wafer from a silicon material; the step 
of transcribing a reticle pattern on the wafer by using 
the exposure apparatus of the above embodiment; the step 
of assembling the device (including dicing, bonding, and 

15 packaging process), the inspection step, and the like. 
<<Device Manufacturing Method)) 

A device manufacturing method using the above 
exposure apparatus and method in a lithographic process 
will be described in detail next. 

20 Fig. 8 is a flow chart showing an example of 

manufacturing a device (a semiconductor chip such as an 
IC or LSI, a liquid crystal panel, a CCD, a thin magnetic 
head, a micromachine , or the like) . As shown in Fig. 8, 
in step 201 (design step) , function/performance is 

25 designed for a device (e.g., circuit design for a 

semiconductor device) and a pattern to implement the 
function is designed. In step 202 (mask manufacturing 
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step) , a mask on which the designed circuit pattern is 
formed is manufactured. In step 203 (wafer manufacturing 
step), a wafer is manufacturing by using a silicon 
material or the like. 
5 In step 204 (wafer processing step), an actual 

circuit and the like are formed on the wafer by 
lithography or the like using the mask and wafer prepared 
in steps 201 to 203, as will be described later. In step 
205 (device assembly step), a device is assembled by 

10 using the wafer processed in step 204. Step 205 includes 
processes such as dicing, bonding, and packaging (chip 
encapsulation) . 

Finally, in step 206 (inspection step), a test on 
the operation of the device, durability test, and the 

15 like are performed. After these steps, the device is 
completed and shipped out. 

Fig. 9 is a flow chart showing a detailed example of 
step 204 described above in manufacturing the 
semiconductor device. Referring to Fig. 9, in step 211 

20 (oxidation step), the surface of the wafer is oxidized. 
In step 212 ( CVD step), an insulating film is formed on 
the wafer surface. In step 213 (electrode formation 
step) , an electrode is formed on the wafer by vapor 
deposition. In step 214 (ion implantation step) , ions 

25 are implanted into the wafer. Steps 211 to 214 described 
above constitute a pre-process for the respective steps 
in the wafer process and are selectively executed in 
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accordance with the processing required in the respective 
s t eps . 

When the above pre-process is completed in the 
respective steps in the wafer process, a post-process is 
5 executed as follows. In this post - process , first, in 
step 215 (resist formation step), the wafer is coated 
with a photosensitive agent. Next, as in step 216, the 
circuit pattern on the mask is transcribed onto the wafer 
by the above exposure apparatus and method. Then, in 

10 step 217 (developing step), the exposed wafer is 

developed. In step 218 (etching step), an exposed member 
on a portion other than a portion where the resist is 
left is removed by etching. Finally, in step 219 (resist 
removing step) , the unnecessary resist after the etching 

15 is removed. 

By repeatedly performing these pre-process and 
post -process , multiple circuit patterns are formed on the 
wafer . 

A fine pattern with a minimum line width of about 
20 0.1 Um can be formed on a wafer (substrate) with high 
precision by using the device manufacturing method of 
this embodiment described above, because the exposure 
apparatus and method of the above embodiment are used in 
the exposure step (step 216). This makes it possible to 
25 manufacture high - integration microdevices with high 
productivity (high yield) . 

While the above - described embodiments of the present 
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invention are the presently preferred embodiments thereof, 
those skilled in the art of lithography systems will 
readily recognize that numerous additions, modifications 
and substitutions may be made to the above - described 
5 embodiments without departing from the spirit and scope 
thereof. It is intended that all such modifications, 
additions and substitutions fall within the scope of the 
present invention which is best defined by the claims 
appended below. 
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